Demographics
Adult scoliosis prevalence ranges from 1 to 10%. 17, 24, 28 This new-onset deformity is observed in more than 30% of elderly patients with no history of spinal abnormalities. 4, 27 Degenerative scoliosis is typically diagnosed in patients older than 40 years and without a history of AIS. 27 These are lumbar curves measuring > 10° with associated distal fractional curves. Although these lumbar curves are not associated with structural thoracic curves, compensatory thoracic curves can occur. As in AIS, curve prevalence in ADS is inversely proportional to curve magnitude. The prevalence of 10°, 10-20°, and > 20° curves is 64, 44, and 24%, respectively. These curves have roughly a 1:1 female/male ratio and are rarely present before the age of 40 years, with a mean age of 70.5 years at the time of presentation.
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Natural History
Patients with ADS typically present in the 6th decade with symptoms of spinal stenosis. They can also present with a history of back pain that is worsening, radiculopathy, or a combination. Symptoms from spinal stenosis in this group of patients are not relieved by forward posture, as has been noted in those with neurogenic claudication not associated with scoliosis, unless a patient sits with his or her trunk supported by the arms. This distinction is important because the prognosis and treatment of ADS are different from those in patients with degenerative spinal stenosis. Similar to AIS curves, which can progress into adulthood, ADS curves tend to progress 1-6° per year (average 3° per year). 25 Osteopenia seems to play a role in this progression, but this hypothesis has been refuted. 26, 27, 31 Nonetheless, certain parameters do appear to factor into curve progression. 25 Patient age and sex do not affect curve progression in this category of defomity.
Evaluation
A thorough history and general physical examination are completed. More specifically, a history of idiopathic scoliosis is elicited to discount the possibility of a degenerative idiopathic deformity. In addition, patients are asked if they have experienced any changes in body habitus, gait, or how their clothes fit. Pain is investigated in terms of its initial onset, location, duration, characteristics, aggravating/relieving factors, and any previous modalities of treatment. A crucial question is whether the pain is purely axial or is also radicular in nature. Axial pain is more likely associated with the degree of radiographic lateral subluxation and sagittal imbalance, and therefore may require inclusion of the lumbar deformity (lateral subluxation) as well as extensive sagittal realignment. With radicular pain, it is important to note whether the location of the pain is the same as that of the concavity. Moreover, it helps to determine if leg pain stems from central or lateral recess (entrance zone, midzone, or exit zone) stenosis or both, as the latter may require greater bone decompression and probably instrumented fusion at the area of decompression. Finally, pain can include both the lower back and the extremities, and the operative approach should be tailored accordingly.
Patients are examined in their underwear and, for females, bra. As patients stand with hips and knees fully extended, they are observed at an appropriate distance and any trunk shift is noted. The relationship of the patient's head to the pelvis is also noted when evaluating overall coronal and sagittal balance. Any shoulder or pelvic asymmetry is documented. Forward and lateral bending maneuvers help assess the curve's rigidity, which is an important factor in terms of prognosis. Leg-length discrepancy and pelvic obliquity are evaluated. When leg-length discrepancy is the likely cause of the deformity, a shoe lift is used to reevaluate the patient to see if the curve can be corrected, although such correction is unlikely in stiffer curves. A neurological examination, including all cranial nerves, motor strength, reflexes, sensory modalities, and gait, is performed. A vascular examination, using Doppler ultrasonography if needed, is performed. Sacroiliac joints and trochanters are palpated and evaluated for any hip or knee contractures, and the degree of flexibility is noted. Finally, cardiopulmonary, bone quality, nutritional, and general health statuses are evaluated to determine if the patient is a suitable operative candidate. 
Radiographic Evaluation
Full-length standing anteroposterior and lateral radiographs are obtained. 22 Supine long cassette radiographsremoving gravity from the trunk-are obtained if operative intervention is planned, as these images quickly show the degree of correction spontaneously occurring. These curves typically have an L2-3 apex and are associated with lateral olisthesis, rotatory subluxation, and minimal structural vertebral deformity. They tend to have lumbar hypolordosis and short reciprocating curves without significant scoliosis above the lumbar levels. A fractional curve, L-4 to the sacrum, is also typically evident (Fig. 1) . Computed tomography myelograms and MR images are also obtained. The former are particularly useful in this older age group, as some patients cannot undergo MR imaging studies because of cardiac pacemaker placement. Provocative testing helps to elucidate the pain generators, which can include facet/nerve root blocks and discograms. Such testing helps to further determine whether the structural deformity and/or the other pathologies are the primary pain generators, which in turn helps to determine the necessary portions of pathology that should be addressed, would best relieve the patient's symptoms, and produce a successful clinical outcome.
15 Appropriate Cobb angle measurements as well as the parameters of spinopelvic balance are calculated for surgical planning. In this group of patients, sagittal balance is of the utmost importance as it has been correlated with successful clinical outcomes. 16 Additionally, the degree of rotatory subluxation and olisthesis is quantified, and osteophytes are noted. 22 The latter is crucial in terms of radiographic mechanical stability and helps in planning the type of operative intervention required for a given patient.
Treatment
Nonoperative Treatment Options
Nonoperative management is started provided that there are no significant stenotic, radicular, and/or back pain symptoms, including curves < 30° with < 2 mm of subluxation with anterior osteophytes. 13 Patients undergoing such procedures usually have reasonable sagittal and coronal balance. Patients are asked to get involved in a low-impact muscle-strengthening endurance program. The use of nonsteroidal antiinflammatory drugs is instituted as needed, and based on DEXA scan findings, appropriate referral for osteopenia/porosis treatment is requested. Epidural and/or selective nerve root injections are carefully considered based on clinical findings and neuroradiographic studies. Bracing really has no role in this population. It is not likely to halt curve progression, as the mode of progression is usually not spinal growth but transverse instability, and its method of temporary pain relief will be outweighed by deconditioning. 30 Oper- ative intervention is offered to those who do not meet the above criteria, who fail conservative pain management, and/or those whose disease progresses.
Indications for Operative Intervention
Patients whose nonoperative pain management has failed are considered for surgical treatment. Specific treatment options are offered when correlation occurs between clinical and specific radiographic findings, particularly, L-3 and L-4 endplate angulations, lumbar lordosis, thoracolumbar kyphosis, and lateral olisthesis. 28 Lumbar curves with > 30-40° and/or 6 mm of olisthesis on presentation are also considered for operative intervention. Moreover, curve progression as well as progressive neurological deficits are indicators for surgical intervention.
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Patients whose curves progress more than 10° and/or have an increase in subluxation > 3 mm with increasing clinical symptomatology are offered surgical options.
Six Levels of Operative Treatment: Lenke-Silva Treatment Levels I-VI
Six distinct levels of operative treatment are available for ASD and include the following: I, decompression alone; II, decompression and limited instrumented posterior spinal fusion; III, decompression and lumbar curve instrumented fusion; IV, decompression with anterior and posterior spinal instrumented fusion; V, thoracic instrumentation and fusion extension; and VI, inclusion of osteotomies for specific deformities. A matrix is presented to help sort the patient's symptoms and radiographs into these 6 levels of treatment (Table 1) .
Level I treatment consists of decompression alone, which is usually suitable for patients with neurogenic claudication due to central stenosis and requiring a limited decompression. Radiographically, anterior osteophytes should be present with no more than 2 mm of subluxation and reasonable sagittal/coronal balance. Additionally, there should be minimal or no back pain and/ or deformity complaints, and the curve should be < 30° without thoracic hyperkyphosis and/or imbalance (Fig.  2) . However, decompression alone for stenosis with associated scoliosis can lead to deformity progression and worsening of symptoms.
Level II treatment involves adding instrumentation limited to the area of the decompression in patients with the above symptoms (requiring extensive decompression) and curves < 30°, more than 2 mm of subluxation, and no anterior osteophytes in the area of decompression. Again, there should be no back pain/deformity symptoms or thoracic hyperkyphosis in a relatively well-balanced patient (Fig. 3) . In a series of 55 consecutive patients with ADS treated using decompression alone (Level I, 16 patients) versus decompression with limited instrumented fusion (Level II, 39 patients), the Level I patients were older and had smaller curves (Table 2) . At a minimum 2-year follow-up, 62% of Level I versus 82% of Level II patients For Level III treatment, the entire lumbar curve in addition to the necessary decompressions is included in the instrumented fusion when symptoms of primary back pain are associated with the spinal deformity. Here, the clinical correlation of pain with the location of the curve becomes very important in terms of further selecting the appropriate operative treatment. Typically, these curves are > 45°, have > 2 mm of subluxation, and lack anterior osteophytes in the operative region, although there is reasonable coronal and sagittal balance (Fig. 4) . Anterior spinal fusion via a TLIF approach can be an important adjunct at the lower ends of the construct when fusing to the lumbosacral junction.
Level IV treatment consists of anterior and posterior fusion of the lumbar spine. Anterior spinal fusion has played a significant role in correcting lumbar hypokyphosis and imbalance. In addition, it adds indirect decompression via foraminal distraction. It helps decrease pseudarthrosis, especially in smokers, patients with diabetes, and osteopenic patients. In the latter group, it also helps prevent posterior instrumentation failure by load sharing, especially in obese patients. Note, however, that there is increased mobility from a formal anterior approach in older patients. Hence, an ASF is selectively recommended for patients with severe stenosis, back pain, and deformity symptoms with mild sagittal imbalance. There should be no anterior osteophytes or thoracic hyperkyphosis and > 2 mm of subluxation (Fig. 5) .
Level V treatment involves extending the fusion and instrumentation into the thoracic region in patients satisfying the aforementioned criteria and having thoracic hyperkyphosis and/or thoracic decompensation. In addition, those with global and/or coronal imbalance become candidates for thoracic extension of their fusion/instrumentation (Fig. 6 ). Very often, osteotomies can be particularly useful in this subgroup of patients.
Osteotomy Choices: Treatment Level VI
Patients whose deformity demonstrates > 30% correction on bending radiographs do not require osteotomies, as they are considered flexible. Curves that are corrected < 30% are considered stiff deformities and might require osteotomies. However, many deformities are rigid, and patients are not clinically balanced or they have already undergone fusion. It is this group of patients that may also require osteotomies, because the deformities are stuck. Osteotomies can aid not only in clinically rebalancing the patient, but also in decreasing the load placed on the instrumentation at the metal-bone interface. Rebalancing the spine is of the utmost clinical importance as a significant link has been found between it and outcomes. 1 The Type I sagittal imbalance refers to patients who are globally balanced but in whom a segmental portion of the spine is flat or kyphotic. In contrast, Type II sagittal imbalance refers to global and segmental imbalance. When sagittal and coronal imbalance coexist, they can also be classified into Type A or B.
7 With Type A imbalance, the patient's shoulders and pelvis are tilted in opposite directions. Conversely, with Type B imbalance, both the shoulders and the pelvis tilt in the same direction. Once the latter situation is recognized in the rigid spine, then alternative options of bone resection techniques can be determined.
With Type I sagittal imbalance, Smith-Petersen osteotomies are typically indicated, provided that mobility at the disc space is adequate to permit extension. 29 If the disc space is not sufficiently mobile but bone stock is adequate, then anterior releases with a concomitant morselized graft can be used. If bone stock is inadequate, then anterior structural grafts are used. The latter can also be used for Type II imbalances when Smith-Petersen osteotomies will permit the weight-bearing line to fall within 3 cm of the sacrum (Fig. 7) . Another alternative for Type II imbalance is a pedicle subtraction osteotomy, which is useful when bone stock is poor as well as in smokers and diabetic patients because bone-on-bone contact occurs at the time of osteotomy closure, with high fusion rates of the vertebral body. Typically, it affords ~ 30° of lordotic correction; hence, it is often suitable for global imbalance correction without the need for anterior releases or structural grafting.
12 Anterior support may be necessary when fusing to the sacrum, but with current techniques, this can easily be achieved via a posterior-only approach. 19 The precise amount of bone resection to achieve a balanced spine is readily calculated using simple trigonometric calculations. 23 Asymmetrical pedicle subtraction osteotomies are often useful in correcting Type A biplanar deformities. The more radical vertebral column resection technique is often necessary for the rare Type B deformities.
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Fusion Levels
Proximal fusion levels should start at a neutral and stable vertebra, as defined by the center sacral vertical line. 8, 9, 20 The fusion should never stop at a rotatory subluxation. Furthermore, the thoracic physiological apex must be avoided. 5 Hence, the fusion should stop well below T-10 or well above T5-6. Similarly, distal fusion levels should begin at a neutral and stable vertebra and should never end at a rotatory subluxation. One could end the fusion at L-5; however, it must be extended to the sacrum if there is an oblique take-off of L-5 on the sacrum-typical with fractional curves > 15°-advanced degeneration of the L-5/S-1 intervertebral disc, L5-S1 spondylolysis, or previous decompression at this segment. Additionally, fusion at T-12 and above should be considered for extension to the ilium/S-1. Again, fractional curves > 15° must be included in the distal fusion to achieve balance.
Complications
Among spinal deformity surgeries, adult deformity corrective procedures carry a high complication rate. 3, 10, 32 Often this group of patients has multiple comorbidities, and the operations are more involved to achieve appropriate balance and proper load sharing on the instrumentation, the latter being particularly important in osteopenic patients. Such complications include infections, CSF leaks (especially among revision cases), implant failures, junctional kyphosis, adjacent segment degeneration, and pseudarthrosis. Systemic complications include myocardial infarction, pneumonia, ileus, urinary tract infections, deep venous thrombosis, and superior mesentery artery syndrome. Blindness is a particularly ominous but an exceedingly rare complication. Hence, even when the appropriate techniques and postoperative care are undertaken, complications can still be somewhat high; however, the clinical outcomes appear to support such risks in appropriately selected patients. 2 A comparative chart of the most helpful references for ADS evaluation and treatment is featured in Table 3 .
Conclusions
Demographically and clinically, ADS is a very im- 
